Objective: This study was performed to assess the impact of risk factors on the presence and progression of coronary calcification in patients with type 2 diabetes. Methods: We prospectively enrolled 45 patients without cardiovascular or kidney disease. Coronary calcification was measured with multidetector computed tomography at baseline and 18 months. We also measured blood pressure; body mass index; serum levels of calcium, phosphate, and 25-hydroxyvitamin D; mineral bone density; and levels of alkaline phosphatase, parathormone, fetuin-A, high-sensitivity C-reactive protein, fibrinogen, albumin, homocysteine, lipids, HbA1c, and average preprandial and postprandial blood glucose at 18 months. Information about severe hypoglycemia and smoking was recorded. Spearman's correlation coefficients were calculated. Multiple linear regression was used for the multivariate analysis. Results: The median baseline calcium score was 63, and that at 18 months was 100. In the univariate analysis, albumin was significantly correlated with the baseline calcium score. Fetuin-A and postprandial glycemia were correlated with calcium score progression. In the multivariate model, postprandial glycemia and fetuin-A were independently associated with calcium score progression. Conclusions: Fetuin-A and postprandial glycemia influence coronary calcification progression in patients with type 2 diabetes. The absence of some correlations could be due to pharmacological treatments for cardiovascular risk reduction.
Introduction
Cardiovascular disease (CVD), coronary artery disease in particular, is the leading cause of morbidity and mortality in patients with type 2 diabetes (T2D). 1 The higher prevalence and rapid progression of CVD in these patients can only partly be explained by traditional risk factors such as arterial hypertension, dyslipidemia, and smoking. The search for other, less wellknown risk factors is therefore warranted. 2 In patients with T2D, coronary calcification appears in the arterial intima as part of the atherosclerotic process, but it also develops in the media as Monckeberg's sclerosis of large and medium arteries. Coronary calcification is a tightly controlled and active process, similar to the formation of bone. 3 Coronary calcification can easily be located and quantified by noncontrast cardiac computed tomography (CT), and multidetector spiral CT has mainly been used for this purpose in recent years. 4, 5 Figure 1 shows coronary calcification as seen on CT.
The most extensively studied and most commonly used method of coronary calcification quantification was developed by Agatston. In this method, coronary calcification is quantified as the calcium score (CS). 6, 7 CS reflects the lifetime exposure to CVD risk factors. 6 Many studies have revealed a connection between a higher CS and higher cardiovascular morbidity and mortality as well as a connection between a higher CS and higher all-cause mortality in the general population. 3, 8 These connections have also been proven in patients with T2D. 9, 10 In these patients, the CS seems to predict the CVD risk better than the Framingham or UK Prospective Diabetes Study risk assessment tools and can therefore improve CVD risk stratification. [11] [12] [13] Measurement of CS progression offers better insight into the current disease activity and overall risk factor exposure during the studied period than does individual determination. No uniform definition of significant progression has been established. With newer protocols, the expected variability between two measurements taken 1 year apart is considered to be less than the expected CS progression in the same period.
14 Some past studies have revealed a link between traditional CVD risk factors (such as blood pressure, age, and sex) and the CS in patients with T2D
11 as well as an association between CS progression and traditional risk factors. 15, 16 In recent years, there has been a growing interest in potential new CVD risk factors in the general population and in patients with T2D. We included some of these risk factors in the present study. Among them is 25-hydroxyvitamin D (25-OHD), which is also a marker of vitamin D sufficiency: insufficiency of 25-OHD is more common in patients with than without T2D and seems to impact insulin sensitivity and beta-cell function. 17, 18 Lower vitamin D levels could be connected to all-cause and cardiovascular mortality. 19 Homocysteine could also be a CVD risk factor in patients with T2D and perhaps an even more important risk factor than in the general population. 20, 21 Low-grade inflammation is a well-known process in patients with T2D. High-sensitivity C-reactive protein (hsCRP) and fibrinogen are markers of low-grade inflammation that have been linked to CVD risk and mortality in some studies of patients with T2D. [22] [23] [24] T2D is characterized by chronic hyperglycemia and glucose fluctuations. Glucose fluctuations, especially postprandial hyperglycemia, have been shown to be harmful by deteriorating endothelial function, inflammation, and oxidative stress. In many studies, postprandial hyperglycemia (but not preprandial hyperglycemia) has been found to increase cardiovascular risk and mortality. [25] [26] [27] Severe hypoglycemia (i.e., that requiring another person's help) has also been independently linked to cardiovascular events. [28] [29] [30] The bone-vascular axis could prove to be important for CVD risk. The bone mineral density (BMD) is higher in patients with than without T2D, but the fracture risk is paradoxically increased in T2D. In the general population, low BMD seems to be correlated with overall mortality. [31] [32] [33] High-normal levels of serum phosphate could also be linked to increased cardiovascular mortality independently of kidney function. 34 Serum calcium appears to be higher and parathormone appears to be lower in patients with than without T2D. The potential association of these factors with CVD risk is unknown. 35, 36 Fetuin-A is a systemic inhibitor of extraskeletal calcification. In patients with T2D, fetuin-A also increases insulin resistance through its action on insulin receptors. Lower fetuin-A levels could even be protective in some subpopulations of patients with T2D, such as those of advanced age. 37, 38 The association of serum alkaline phosphatase with CVD risk and mortality has also been reported in the general population. 39 Serum albumin is an established risk predictor in many diseases and is being used in nutritional state assessment. 40 In patients with T2D complications, especially diabetic nephropathy, a lower serum albumin level is associated with higher CVD risk. 41 Both the presence and progression of coronary calcification appear to be clinically relevant in patients with T2D. Therefore, in the present study, we assessed the impact of various potential new risk factors on the presence and progression of coronary calcification in these patients.
Patients and methods

Patients
Randomly selected adult patients with T2D were enrolled in this prospective clinical study from 2008 to 2010, as shown in Figure 2 . We excluded all patients with known clinical or subclinical CVD. Kidney disease was present when any one of the following three criteria was met: the estimated glomerular filtration rate was <60 ml/min/1.73 m 2 ; one or more parameters of kidney injury were present, such as proteinuria, albuminuria, abnormal sediment, electrolyte and other disorders due to tubule injury, or histological or morphological abnormalities; or the patient had undergone kidney transplantation.
Ethics
All patients were diabetology outpatients of our institution (Maribor University Medical Centre) and were managed according to the newest professional recommendations. The Medical Ethics Commission of the Republic of Slovenia approved the study (N. 58/09/06, issued on 18 October 2006 and N.112/12/08, issued on 28 December 2008). All patients provided written informed consent after they had been comprehensively informed about the study's aims, methods, and possible risks and had all their questions answered. The provisions of the Declaration of Helsinki were strictly followed.
Measurements
All measurements (including the patients' scans) were performed twice at enrollment in the study and 18 months later; the exceptions were BMD and intact parathormone, which were measured only once at the beginning of the study. We measured coronary calcification according to Agatston (i.e., as the CS) with a 64-multidetector CT system (Aquilion; Toshiba, Tokyo, Japan). The process was prospectively gated at 75% of the R-R interval, the tube voltage was 120 kVp, and the current depended on the size and form of the patient (approximately 200-400 mA). We imaged the area between the trachea and cardiac apex during a single breath-hold. The average effective radiation dose in our patients was 1.7 mSv. Analysis was performed by a single radiologist (M.R.) with dedicated software (VScore; Vital Images, Minnetonka, MN, USA). Agatston units were used for reporting, which was done using Agatston's method as previously described. The morning after an overnight fast, blood samples were withdrawn for analysis into Vacutainer tubes (BD Biosciences, Plymouth, UK), according to the manufacturer's requirements. The samples were then processed without delay in our institution's central laboratory. Using standard methods, we measured the serum concentrations of calcium, phosphate, intact parathormone, cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides, hsCRP, fibrinogen, alkaline phosphatase, 25-OHD, fetuin-A, homocysteine, and albumin. If an infectious or other obvious cause of hsCRP elevation was found, we resolved this cause and remeasured the hsCRP level. The patients performed self-measurement of their capillary blood glucose level with a glucometer available in Slovenia, usually the Accu-Chek (Roche, Basel, Switzerland) or the Contour (Bayer, Leverkusen, Germany). At minimum, three preprandial and three postprandial measurements were required each month. The patients were asked to measure the postprandial values 120 minutes after starting a meal. Self-measurements were otherwise performed according to the recommendations given at the regular outpatient clinic follow-ups. Blood glucose data were collected at the follow-up visits, and all available values were collected after 18 months and individually analyzed. The patients were instructed to write down all measured glucose values in a notebook and to bring the notebook, together with their glucometer, to a diabetologist, who they would typically see one to four times a year. The glucose measurements and technique with which they were obtained were discussed with the diabetologist and a diabetic nurse. The notebooks and glucometers were also compared for correctness of recording the values. The patients selfreported severe hypoglycemia and smoking (in pack-years). Severe hypoglycemia was reported at the time of the event.
We measured femoral neck BMD (in g/cm 2 Þ using dual X-ray absorbtiometry (Explorer; Hologic, Marlborough, MA, USA). Blood pressure was measured according to European guidelines. 42 
Statistical analysis
We performed the statistical analysis with SPSS for Windows, version 21 (IBM Corp., Armonk, NY, USA). Spearman's correlation coefficient was used to assess the correlation between the CS, its absolute and relative progression, and the studied parameters (univariate analysis). Due to the non-normal positively skewed distribution of the CS, we ln-transformed it for multiple linear regression (CS ! ln (CSþ1)). After the transformation, basic assumptions of multiple linear regression were satisfied. A p value of <0.05 was considered statistically significant. Spearman's correlation coefficients for associations between the baseline parameters and baseline CS and between the baseline parameters and absolute and relative progression of the CS were calculated.
Results
In total, 45 patients with T2D were included in this study. The patients' demographic and clinical characteristics are shown in Table 1 .
Measurements of the studied parameters (at baseline and 18 months) are presented in Table 2 .
As shown in the tables, most patients did not reach the recommended targets (as suggested in the guidelines of professional societies such as the American Diabetes Association Standards of Medical Care in Diabetes) for blood pressure and LDL cholesterol, although most of them took appropriate medications. Most patients were overweight or obese and had metabolic syndrome. The average HbA1c and preprandial glucose levels should be interpreted in the context of individualization of glycemic goals. 43 Measurements of the CS are presented in Table 3 .
During the study, the patients performed 54 to 1652 preprandial glucose selfmeasurements and 54 to 609 postprandial glucose self-measurements. Two events consistent with the definition of severe hypoglycemia occurred in two different insulintreated patients. Table 4 shows the statistically significant Spearman's correlation coefficients between the baseline parameters and baseline CS and between the baseline parameters and absolute and relative progression of the CS. We found a significant correlation between fetuin-A and the relative change in the CS (p ¼ 0.02) and between albumin and the baseline CS (p ¼ 0.03). Postprandial glucose was significantly correlated with both absolute and relative changes in the CS (p ¼ 0.049 and 0.01, respectively). All other correlations between the baseline CS, its absolute or relative progression in 18 months, and the studied parameters were statistically insignificant. The studied parameters that we examined for correlations with the baseline CS and the absolute and relative change in the CS are listed in Table 2 . We also examined the diabetes duration, smoking in pack-years, body mass index, and HbA1c for correlations with the baseline CS and the absolute and relative change in the CS; however, no significant correlations were found. We included the significant parameters in the multivariate analysis.
The initial multiple linear regression model, which was based on simultaneous entry of postprandial glucose and fetuin-A as independent variables and the difference in ln-transformed CS as a dependent variable, was statistically significant (R ¼ 0.497; p ¼ 0.006; p for postprandial glucose ¼ 0.038; p for fetuin-A ¼ 0.044; standardized beta coefficient for postprandial glucose ¼ 0.308; standardized beta coefficient for fetuin-A ¼ À0.298). To yield the most appropriate regression equation, we also built several other models by a Data are presented as average AE standard deviation, n (%), or n. ACEI, angiotensin-converting enzyme inhibitor.
Comparison by sex showed no important differences in characteristics between men and women (p > 0.05) except for smoking, which was more common in men.
forward selection and backward elimination process. Other potentially important predictors based on published data (such as LDL cholesterol, HbA1c, age, sex, systolic blood pressure, and preprandial glucose) were added or deleted if not significant (threshold p ¼ 0.05). These other models were not found to be statistically significant. None of the multivariate models that included the baseline CS as a dependent variable was significant.
Discussion
Past studies of the possible connections between coronary calcification and newer (non-traditional or emerging) CVD risk factors in patients with T2D have sometimes been conflicting, and some of our parameters have not yet been studied in this context. In the present study, the concentration of 25-OHD was not correlated with the patients' outcomes. The 25-OHD concentration was <75 nmol/L in 73% of patients at baseline and 96% of patients at 18 months. The 25-OHD concentration was <30 nmol/L in 18% of patients at baseline and 29% of patients at 18 months. According to the National Institutes of Health guidelines, a 25-OHD level of !50 nmol/L is sufficient in the vast majority of people. 44 The differences in these percentages are influenced by the seasonal variation of ultraviolent light exposure, which is known to impact the findings of studies involving vitamin D, and which we did not take into account. 45 Joergensen et al. 46 found that very low 25-OHD levels (<12.5 nmol/L) were independently associated with a higher CS, but only in patients with albuminuria; such patients were excluded from our study. Among patients with diabetes in the MESA study, a low 25-OHD level was correlated with the appearance of coronary calcification during the study period. 47 Our findings regarding the absence of a correlation between homocysteine/hsCRP and coronary calcification are consistent with those of the PREDICT study. 48 Some authors have considered that hsCRP reflects the dynamic processes of arterial plaque remodeling (rupture, thrombosis, and instability) more accurately than the presence of atherosclerosis and calcification. 49, 50 Contrary to our data, which did not confirm the link between fibrinogen and the outcomes in patients with T2D, some data have shown that fibrinogen is independently associated with coronary calcification progression in patients with type 1 diabetes. 51 In our patients, who performed selfmeasurements of glucose for 18 months, the average postprandial glycemia (but not preprandial glycemia or HbA1c) seemed to be an important factor affecting the progression of coronary calcification; this was also true in the multivariate model that included postprandial glycemia and fetuin-A. Postprandial hyperglycemia is known to worsen endothelial dysfunction (including impaired vasodilation, the synthesis and availability of nitric oxide, and the formation of advanced glycation end products), inflammation, and oxidative stress (characterized by expression of adverse adhesion molecules and cytokines, activation of lymphocytes and monocytes, and formation of free oxygen species). These factors contribute to vascular smooth muscle cell proliferation, plaque formation, and calcification of the arterial intima and media. 27 However, the role of postprandial glucose in cardiovascular outcomes is not universally established. In the HEART2D study, which involved the treatment of diabetic survivors of acute myocardial infarction with prandial versus basal strategies, the data showed differences in fasting blood glucose levels, smaller-than-expected differences in postprandial blood glucose levels, similar levels of HbA1C, and no difference in the risk of future cardiovascular events. 52 In the NAVIGATOR trial, the most powerful independent predictors of cardiovascular events in patients with impaired glucose tolerance included both established risk factors and other variables, excluding measures of glycemia such as 2-hour postprandial glucose. 53 In Chinese patients with coronary heart disease and impaired glucose tolerance, acarbose, which primarily impacts postprandial glucose, did not reduce the risk of major adverse cardiovascular events but did reduce the incidence of diabetes. 54 However, these studies differed in their design and populations. The resolution of unanswered questions requires the inclusion of postprandial glycemia in future research of CVD. The incidence of severe hypoglycemia was too low in our study (two events in two patients) to reach valid conclusions about its effect on the outcomes. A study by Saremi et al. 55 indicated that in patients undergoing standard therapy for T2D, serious hypoglycemia was associated with increased coronary calcification. Femoral neck BMD did not impact the outcomes of our study; in contrast, Bandeira et al. 56 found that femoral neck and lumbar spine BMD were correlated with coronary calcification in men of advanced age with diabetes. More data on this topic are expected from the Diabetes Heart Study and its bone substudy. 57 The serum calcium, phosphate, and parathormone levels did not influence coronary calcification or its progression in patients with T2D, which has not been previously studied. Some data indicate negative cardiovascular effects of high-normal serum phosphate 34 and high serum calcium 35, 58 in patients with T2D; these effects are in the opposite direction from those of the above-mentioned parameters. Fetuin-A seemed to inhibit the progression of coronary calcification in our patients. The effect of fetuin-A on CVD is known to be greatly influenced by the presence of diabetes mellitus. 59 Emoto et al. 60 reported a link between fetuin-A and carotid and femoral plaques in patients with T2D without kidney disease, which also illustrates the protective effect of fetuin-A against arterial calcification. The present data suggest that the inclusion of fetuin-A in CVD studies is reasonable, preferably also with insulin resistance parameters.
Alkaline phosphatase was not correlated with patient outcomes in our study. In the univariate analysis, we found that serum albumin was correlated with the baseline CS. All of our patients had normal albumin levels, and most were overweight and obese; none of them had malnutrition. We consider this finding coincidental because it was not reproduced when the albumin level at 18 months and the average albumin level (at baseline and 18 months) were analyzed for the same correlation with the outcomes. Additionally, the p value of this correlation was relatively high (0.03). No published data indicate a link between serum albumin and coronary calcification in patients with T2D. There were no correlations of the CS or its progression with traditional CVD risk factors (blood pressure, body mass index, cholesterol, LDL cholesterol, HDL cholesterol, and smoking in pack-years). The absence of such correlations is most likely due to the fact that most patients used medications aimed at multifactorial cardiovascular risk reduction (antihyperglycemics, antihypertensives, and hypolipemics). Because the vast majority of our patients were treated with various angiotensinconverting enzyme inhibitors or sartans (76%) and statins (82%) during the study, and most of the remaining patients had been treated with such medications in the past, we did not estimate the effects of these drugs on the results. For most patients with T2D with very high cardiovascular risk, the LDL cholesterol and blood pressure values were above the recommended targets. 43 In our study, a clear minority of patients had no detectable atherosclerosis; i.e., they had undetectable coronary calcification (CS of 0; 22% at baseline and 18% at 18 months). Such patients are thought to have lower mortality rates comparable with those of people without diabetes. 11 In two patients with a baseline CS of 0, coronary calcification appeared after 18 months.
Most of the parameters in our study were measured and not reported by the patients. Comprehensive medical documentation was available for all of the patients. Our patients were enrolled from everyday clinical practice and were heterogeneous in their therapies, age, and duration of diabetes. They were managed according to the newest professional recommendations. CS measurements were performed by a single radiologist who was unaware of the patients' characteristics.
This study has several limitations. Our study sample was small due to limited funding and staff, which influenced the probability of accurate determination of the results' significance, especially for weaker correlations. The CS is a marker of coronary artery disease and not a hard point. Power calculations for multiple regression nevertheless allowed four predictors to be tested with our sample size. The study duration (18 months) could have been too short for some parameters to influence the CS. Only Caucasians were included in our study. The inter-rater variability for the presence or absence of calcification and the total CS was not checked. Glucose self-measurements were performed and reported by the patients themselves and therefore might have sometimes been unreliable or false, although we tried to prevent this as described in the Methods. The generalizability of our results to all patients with T2D is limited because of the exclusion criteria. Other factors that might have contributed to the results include the chosen linear regression models, omission bias, and accuracy of self-reported smoking. There is possibility of type 1 error for the significance of postprandial glycemia and fetuin-A. The lack of statistical significance of the associations of the other investigated predictors could have been type 2 error due to omission bias and/or model selection. Additionally, the results for fetuin-A are not necessarily robust because the absolute difference in the CS was not significant. Evaluation of relative differences in the CS carries the risk of heavier weighting of patients with a low CS.
In conclusion, postprandial glycemia and fetuin-A seem to be associated with the progression of coronary artery calcification in patients with T2D, but larger studies are needed to replicate these findings. Serum calcium, phosphate, parathormone, alkaline phosphatase, fibrinogen, and traditional risk factors did not influence coronary calcification or its progression in our study. Again, larger studies are necessary to replicate these findings.
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